Objective: We aimed to investigate the prevalence of depression in cancer patients assessed by diagnostic interviews and self-report instruments, and to study differences in prevalence between type of instrument, type of cancer and treatment phase.
Introduction
In 2008, nearly 12.7 million new cases of cancer (excluding non-melanoma skin cancer) were diagnosed worldwide, and this number is expected to increase to 21.3 million by 2030 [1] . Of all cancer types, lung cancer (12.7%), breast cancer (10.9%), colorectal cancer (8%), stomach cancer (7.8%) and prostate cancer (7.1%) are the most common worldwide [1] . Recent advances in diagnosis and treatment of cancer patients have led to improved survival rates.
Many cancer patients and survivors suffer from psychological problems, such as depression [2, 3] . This may interfere with the patient's ability to cope with the burden of the illness, it may decrease acceptance of treatment, extend hospitalization, reduce quality of life and increase suicide risk [4] [5] [6] .
In the past decades, studies have evaluated the prevalence of depression in cancer patients. However, the overall prevalence rate of depression in cancer patients remains unclear; previous studies reported prevalence rates between 0% and 58% [7] . Several factors may contribute to this wide range of prevalence rates, including: (i) the use of different instruments to assess depression with different psychometric properties; (ii) the use of different criteria to define depression; and (iii) differences between included cancer populations with respect to cancer type, stage and treatment modality [7, 8] . Recently, Mitchell et al. [9] conducted a meta-analysis on 66 studies to determine the prevalence of depression in cancer patients in oncological, hematological and palliative care settings. They reported a pooled prevalence of major depression in non-palliative care settings of 16.3% (95% CI = 13-20%), as measured via psychiatric interviews according to the DSM-IV criteria [10] or International Classification of Diseases 10 (ICD-10) [11] .
The detection of depression in cancer patients is difficult. Depression can easily be overlooked because symptoms of cancer and its treatment resemble neurovegetative symptoms of depression, such as fatigue, loss of appetite and sleep disturbance [12] . Nevertheless, because both physiological and psychological symptoms of depression can be diagnostically useful when looking for depression, excluding neurovegetative symptoms from depression assessment instruments may impair the ability to diagnose depression in cancer settings [13] . Other difficulties to detect depression in cancer patients are the lack of specific skills to diagnose mental disorders [14] , lack of time in busy oncological settings, and reluctance of the patient to discuss emotional well-being [14, 15] . In clinical practice, therefore, self-report instruments are often used to detect depressive symptoms and to assess severity of symptoms [16] . Self-report instruments have the advantage of being quick, easy to administer, inexpensive and they rely on psychological and cognitive symptoms rather than physiological symptoms [8] .
No meta-analysis has been published to quantitatively summarize prevalence of depression in cancer patients as measured by self-report instruments and psychiatric interviews.
This study is a meta-analysis to estimate the prevalence of depression in patients during or after cancer treatment, as assessed by diagnostic interviews and self-report instruments. We distinguish between depressive disorders assessed using diagnostic interviews and symptom prevalence as measured by self-report instruments. Furthermore, we aim to examine whether the prevalence of depression differs by the type of instrument used to assess depression, the type of cancer and treatment phase.
Material and methods

Search strategy
A comprehensive literature search was performed up to December 2011 in four databases (PubMed, PsycINFO, EMBASE and CINAHL). Studies were identified by combining keywords and text words indicative of epidemiology (e.g., epidemiologic, epidemiological, epidemiol*, preval* and inciden*), depression (e.g., depressi*, depression emotion, distress, depressive disorder and major depression), and neoplasms (e.g., tumor, tumors, tumorous, tumour and carcino*). Pubmed was additionally scanned by using the following Mesh terms: 'depression/ epidemiology', 'psychological/epidemiology', 'depressive disorder/epidemiology' and 'neoplasms'. Detailed search profiles are available on request.
Inclusion and exclusion criteria
We included studies that: (i) reported the prevalence of depression in adult patients in non-palliative-care settings during or after cancer treatment; (ii) assessed depression by semi-structured or structured diagnostic interviews based on criteria by DSM-III(ÀR)/IV or ICD-10, or by self-report instruments with 'good' or 'excellent' psychometric quality as rated by Vodermaier et al. [8] , that is, the Hospital Anxiety and Depression Scale-depression subscale (HADS-D) [17] , the Center for Epidemiologic StudiesDepression Scale (CES-D) [18, 19] , Beck Depression Inventory (BDI), and Brief Symptom Inventory [20] ; (iii) defined depression as a 'major depressive disorder' based on criteria by DSM-III(ÀR)/IV or ICD-10, and as 'increased risk of depression' by self-report instruments; and (iv) were written in English.
We excluded studies examining psychometric properties of instruments; intervention studies including randomized controlled trials, reviews, case reports, reports on the prevalence of depression in palliative cancer patients; studies in which depression could not be distinguished from distress; and studies that only reported mean and standard deviations (SD) of the sum scores of outcome measures of depression instead of numbers or percentages of depressed patients.
Selection process and bias risk assessment
After eliminating duplicate studies of the identified references, the titles and available abstracts of the remaining studies were examined by three reviewers: A. K., L. B. and I. R. Studies that possibly met inclusion criteria, studies with no abstract and studies that could not clearly be excluded on the basis of the title and abstract were retrieved in full text and scrutinized more extensively for eligibility.
The bias risk of each study was assessed using a 13-item list adapted from existing criteria lists [21] [22] [23] . As the prevalence of depression depends on the population under study, this list focused on: (i) the description of the study population and (ii) the representativeness of the study populations. Items for the description of the study population included sociodemographic characteristics (at least three of the following four: age, gender, marital status and education and employment or socioeconomic status), cancer type, tumor status, type of treatment, time since diagnosis, treatment phase, inclusion and exclusion criteria and information about (a history) of psychiatric problems of the participants. Items of the representativeness of the study population included sample size >100, presentation of participation or response rate, reasons for nonresponse or nonparticipation presented, comparison of characteristics of responders and non-responders, and consecutive sampling method. A positive score was given if the study provided adequate information regarding the item of concern. In case of incomplete or unclear information or a lack of description, a negative score was given. If a study referred to another publication describing relevant information about the first study, the additional publication was obtained to score the item of concern.
The reviewers A. K. and G. K. or I. R. independently performed the bias assessments. In case of disagreement between the two reviewers on assigning scores, a third reviewer (L. B.) was consulted to discuss the item of 122 A. M. H. Krebber et al.
concern until consensus was reached. For each study, a total bias score was calculated by counting the number of criteria scored positively, divided by the total number of bias items (i.e., 13). A study was considered of low bias risk if the score was at least 9.75 (75%) of the total possible score and of medium bias risk if the score was between 6.5 and 9.75 (50-75%). A bias score lower than 6.5 (50%) was defined as high bias risk.
Data extraction
The reviewers A. K., I. R. and L. B. extracted the following data from the included studies: (i) mean/median age; (ii) sex; (iii) cancer type; (iv) time since diagnosis; (v) type of treatment; (vi) treatment phase: during treatment, <1 year after treatment, ≥1 year after treatment, and mixed phases; (vii) instrument for assessment of depression; and (viii) sample size and number of cases of depression, more specifically major depressive disorder as measured by diagnostic interviews, and increased risk for depression as measured by self-report instruments. Unclear data were discussed until consensus was reached.
Statistical analysis
To calculate pooled mean prevalence of depression, we used the computer program Comprehensive Meta-Analysis (version 2.2.064 by Borenstein et al., Biostat, Englewood (New Jersey, US), 2005.). As we expected considerable heterogeneity among the studies, we decided to calculate the mean point prevalence and 95% CI by using a random effects model. In the random effects model, it is assumed that the included studies are drawn from 'populations' of studies that differ from each other systematically (heterogeneity). In this model, the prevalence resulting from the included studies not only differs because of the random error within studies (fixed effects model) but also because of true variation in prevalence from one study to the next. Pooled mean prevalence was calculated for instruments that were used more than 25 times in the total number of cohorts. In addition, we performed subgroup analyses, in which we tested whether there were significant differences in prevalence of depression between different types of: (i) depression measurement instruments; (ii) cancer type; and (iii) treatment phase (during diagnosis or treatment, <1 year posttreatment, and ≥1 year posttreatment). Because studies with high bias might lead to underestimation or overestimation of overall prevalence of depression, we excluded these studies from analysis. We used the mixed effects model, which pooled studies within subgroups with the random effects model but tested for significant differences between subgroups with the fixed effects model. We tested the heterogeneity under the fixed model, using the I 2 statistic. I 2 describes the variance between studies as a proportion of the total variance. A value of 0% indicates no observed heterogeneity, and larger values show increasing heterogeneity, with 0-25% as low, 25-50% as moderate and 50-75% as high heterogeneity [24] . We also calculated the Q-statistic but only report whether this was significant or not. The p-values above 0.05 indicate that the total variance is due to variance within studies and not to variance between studies.
Results
Study selection
After removing duplicates, the literature searches yielded 2301 records. On the basis of the title and abstract, we excluded 1644 records that did not meet our inclusion criteria. Full text articles were retrieved for 657 potentially relevant records, of which 464 were excluded (Figure 1 ). Through reference search, an additional 18 studies were found eligible for inclusion. The 211 eligible studies described a total of 238 cohorts comprising 82,426 patients: 72 cohorts on cancer of the breast, 22 on cancer of the male genitalia, 21 on cancer of the head and neck, 16 on hematological malignancies, 15 on cancer of the female genitalia, 15 on cancer of the digestive tract, 10 on cancer of the respiratory tract, seven on cancer of the brain, three on cancer of the skin, two on cancer of the bone and soft tissue, two on cancer of the urinary tract, and two on cancer of the endocrine system. A mixed group was investigated in 51 cohorts.
Assessment of depression
A structured or semi-structured diagnostic interview (Table 1 ) was used 49 times in the 238 cohorts. Self-report instruments were used 267 times, of which the HADS-D with cut-off ≥8 was used 78 times, the HADS-D with cut-off ≥ 11 was used 59 times, and CES-D with cut-off ≥16 was used 38 times. Because they were used ≥25 times, diagnostic interviews, HADS-D (cut-offs ≥8 and ≥11), and CES-D (cut-off ≥ 16), which were embedded in 159 studies, were used for further analyses.
Bias risk of the studies
The average bias score was 8.8 (SD 2.3) on a 13-point scale, and the scores ranged from 1 (highest bias risk) to 13 (lowest bias risk) (Figure 2(a) ). Of the 159 assessed studies, 25 studies had a high bias risk, 67 studies had a medium bias risk, and another 67 had a low bias risk. More than 95% of the assessed studies reported cancer type, and inclusion and exclusion criteria (Figure 2(b) ). Half of the studies provided information on 'reasons for nonresponse or nonparticipation' and 'time since diagnosis'. A minority of the studies provided information on 'comparison of characteristics between responders and nonresponders' (27%) and '(history of) psychiatric problems' (32%). The full bias risk assessment of the studies can be found in Table 4 (Supporting information).
Prevalence of depression in cancer patients
Prevalence of depression Over all studies, pooled prevalence of major depressive disorder as measured by semi-structured and structured diagnostic interviews was 14% (95% CI = 11-16%). Pooled prevalence of depression was 18% (95% CI = 16-20%) in cohorts using HADS-D with cut-off ≥8, 7% (95% CI = 6-8%) in cohorts using HADS-D with cut-off ≥11, and 24% (95% CI = 21-26%) in cohorts using CES-D with cut-off ≥16 ( Table 2 ). Characteristics of the analysed studies are shown in Table 3 (Supporting information).
After excluding studies with high bias risk (n = 25), we found a pooled prevalence of major depressive disorder as measured by semi-structured and structured diagnostic interviews of 13% (95% CI = 11-15%) ( Table 2 ). Pooled prevalence of depression was 17% (95% CI = 16-19%) in cohorts using HADS-D with cut-off ≥8, 8% (95% CI = 7-9%) in cohorts using HADS-D with cut-off ≥11, and 24% (95% CI = 21-26%) in cohorts using CES-D with cut-off ≥16. Heterogeneity was high, ranging from 86 to 96% (Table 2) .
On the basis of diagnostic interviews, the prevalence of depression ranged from 3% in patients with lung cancer to 28% in patients with cancer of the brain (Table 2 ). On the basis of self-report instruments (HADS-D with cut-off ≥8 and CES-D with cut-off ≥16) prevalence of depression ranged from 7% in patients with skin cancer to 31% patients with cancer of the digestive tract. Heterogeneity was high, ranging from 64 to 97% (Table 2) . Regarding treatment phase, as measured by diagnostic interviews, we found the highest prevalence of depression in the acute phase of disease with a pooled prevalence of 14% (95% CI = 11-17%) against a pooled prevalence of 9% (95% CI = 7-11%) in the first year posttreatment and 8% (95% CI = 5-12%) 1 year or more posttreatment. On the basis of self-report instruments, we also found the highest prevalence of depression in the acute phase of disease, with a pooled prevalence of 27% (95% CI = 25-30%). Pooled prevalence in the first year posttreatment was 21% (95% CI = 19-24%) and it was 15% (95% CI = 13-17%) after the first year. Heterogeneity was high (68-95%, Table 2 ).
Discussion
In this meta-analysis, we found pooled mean prevalence of depression to be 8-24% in cancer patients in non-palliative-care settings during or after treatment, and the prevalence differed by the type of instrument used to measure depression, cancer type and treatment phase. Prevalence of major depressive disorder appeared to be 13% as measured by DSM or ICD. In an earlier meta-analysis, Mitchell et al. [9] reported a pooled prevalence of 16.3% (95% CI = 13-20%) among 66 studies using diagnostic interviews. This small difference may be caused by the fact that we searched four databases and included more recently conducted studies up to December 2011, and we did not include studies examining psychometric properties of instruments, nor did we include studies with a high bias score in our analysis. In addition, we included 13 papers that were not included by Mitchell et al. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
Clearly, the prevalence of a major depressive disorder in cancer patients is much higher compared with the 4% found in the general population [38] . Prevalence of depression differed substantially according to the diagnostic instrument used and was substantially higher when self-report instruments were used as compared with the diagnostic instruments. An explanation for this difference might be that diagnostic interviews are standardized tools and use more stringent criteria according to DSM or ICD for clinical depression than self-report instruments. Selfreport instruments are designed to measure an increased risk for or severity of depression instead of diagnosing a depressive disorder [39, 40] . Therefore, we note that the use of self-report instruments might overestimate the presence of depression and consequently overrate patients' need for psychological treatment.
Conversely, in patients with symptoms of depression, assessment by diagnostic interviews may lead to underrecognition of unmet needs for psychological support, as some oncologists may be insufficiently skilled to identify psychological distress and perceived social support in patients [14, 41] . Under-recognition may result in undertreatment, as two-thirds of screen positive cases may develop a full-blown depression if left untreated [42] . Furthermore, standardized diagnostic interviews are time-consuming and thus relatively expensive, which hampers routine implementation in busy oncological settings. Consequently, Vodermaier et al. [8] previously recommended implementing routine self-report for symptoms of depression in cancer patients using valid and reliable self-report instruments, such as the HADS-D, the CES-D or the BDI. These recommendations are supported by Mitchell et al. [43] , who also advised using a two-step procedure incorporating both screening (ruling out non-cases) and case-finding (ruling in probable cases) by two stem questions. For the use of these self-report instruments, no specific skills are required, and in case an increased risk of depression is detected, the patient should be able to be referred to a specialized psychosocial care provider.
We found differences in the prevalence of depression across patients treated for different cancer types. Although the prevalence of depression appeared to be highest in patients with cancer of the digestive tract, the brain, female genitalia and patients with hematological malignancies, the limited number of studies per cancer type and small sample sizes of specific cancer types hamper us to draw firm conclusions. Differences in prevalence of depression were not only found between patients treated for different cancer types, but also within patient populations treated for the same cancer type. For example, our results from a relatively large group of breast cancer patients, including 11,182 patients from 43 cohorts, showed pooled prevalence of depression of 11% (95% CI = 8-16%) as measured by diagnostic interviews and of 20% (95% CI = 16-24%) as measured by self-report instruments. These results are in accordance with the findings of Fann et al. [44] , reporting the prevalence of major depressive disorder as measured by structured interviews among breast cancer patients ranging from 5% to 15%. Also, Massie et al. [7] reported wide ranges in the 
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prevalence of depression in breast cancer patients, that is, from 1.5% to 46%. Wide ranges in prevalence of depression within groups of patients with similar diagnosis may be caused by the time-point of measurement, type of cancer treatment, number of side effects of cancer treatment, and gender [45, 46] . Unfortunately, in the current study, we were unable to identify the influences of these factors on prevalence rates.
Further, our findings show that prevalence of depression assessed by both diagnostic interviews and self-report instruments was highest in the acute phase of the disease (14% and 27%, respectively), and decreases afterwards. A similar drop has been found in early breast cancer patients by Burgess et al. [3] and Lee et al. [47] . Burgess et al. showed a point prevalence of depression, anxiety or both of 33% at diagnosis, 24% at 3 months after diagnosis, and 15% at 1 year after treatment. Lee et al. showed a point prevalence of depression of 7% preoperatively, 8% at 3 months postoperatively, and 2% at 1 year after treatment. Other prospective studies showed that there are distinct patterns regarding the course of psychological distress, ranging from resilience (no distress before or after treatment), recovery (elevated distress followed by return to normal), delayed recovery and persisting distress [48] [49] [50] . In the present study, we could not determine a clear pattern of depression rates at the different treatment phases of specific cancer types because we were unable to disentangle whether differences in prevalence rates were due to treatment phase or to types of cancer included. Future prospective trials should obtain insight in the course of depression at the different treatment phases of explicit cancer types, using preferably one standardized instrument to assess depression.
Bias risk score
Of the 159 assessed studies, 84% had a medium and low bias risk, and 16% a high bias risk. The majority (73%) of the studies did not compare characteristics of responders and nonresponders, limiting insight in the generalizability of the results. In addition, only one third of the studies reported information on history of psychiatric problems. A history of depression increases the risk of recurrence of a depressive episode [51] .
We excluded high bias risk studies from subgroup analysis, because these studies might lead to overestimation or underestimation of overall prevalence of depression. We found a minimal difference in prevalence of depression between analysis of all studies and analysis of medium and low bias risk studies only. Nevertheless, we recommend that criteria and demands regarding population and sample recruitment in studies should be standardized and followed conscientiously in future research in order to secure psychometrical quality of trials. Larger samples of specific cancer types at a precise point in cancer treatment should be examined, and information on history of depression is preferable. Also, data on sample recruitment should be collected and reported rigorously.
Strength and limitations
A strength of this study is the inclusion of both diagnostic interviews and self-report instruments. Because both instruments are frequently used in cancer research and clinical practice for the assessment of depression, we thought it was important to analyse both assessment methods. Another strength was the inclusion of a bias assessment and our focus on medium and low bias risk studies. Nevertheless, heterogeneity was high, and it remained high after analysing subgroups of different instruments, cancer types and treatment phase. Also, the equal weighing of the 13 items of the bias list may be to some extent arbitrary. The small number of cohorts hampered us to disentangle differences in prevalence caused by cancer type and differences caused by treatment phase, which may reduce the heterogeneity of studies. Also, we were unable to study influences of other variables such as age, gender or type of treatment because of lack of information in the majority of the included studies.
To determine major depression, ICD-10 uses similar criteria as DSM-III(ÀR)/IV, but adding higher threshold categories, which might have resulted in lower prevalences of major depression when assessed by ICD-10.
We acknowledge that cut-off points are to some extent arbitrary, and prevalence of depression depends on the chosen cut-off point(s) per questionnaire. An exploration at symptom level would have been preferable. Unfortunately, the prevalence of depression in the analysed studies was mostly reported as exceeding a certain cutoff point rather than a score on the individual symptoms of depression. For that reason, we could not perform a depression analysis at symptom level.
For the pooled analysis, we focussed on the HADS-D and the CES-D, because prevalence of depression assessed by these instruments were reported more than 25 times in the total number of cohorts. Because the BDI and the Brief Symptom Inventory were not reported sufficiently (n < 25) in the total number of cancer patient cohorts, we could not incorporate these instruments in the pooled analysis.
Conclusion
Pooled mean prevalence of depression in cancer patients during or after treatment ranged between 8% and 24% and depended on the instruments used, type of cancer and treatment phase. The use of self-report instruments may overestimate the presence of depression. Future prospective trials investigating the prevalence of depression in cancer patients using valid and reliable instruments are needed.
